We have investigated the effect of four doses of remifentanil on the incidence of respiratory depression and somatic response at incision. Remifentanil was administered as a loading dose of 0. 125, 0.25, 0.375 An anaesthetic regimen for spontaneous ventilation requires a technique that does not cause prolonged respiratory depression. Opioids such as fentanyl and alfentanil are often included as part of a balanced anaesthetic as they reduce the amount of concomitant agent required for the procedure 1 but have the disadvantage of clinical effects extending into the postoperative period. Short-acting drugs allow better titration of anaesthesia and may therefore reduce the incidence of respiratory depression and permit rapid recovery, which is especially desirable for day-case surgery.
resulted in adequate respiration at the end of surgery in 88% of patients. Maintenance infusions of the two drugs for spontaneous ventilation are likely to be in these ranges. However, the ideal loading doses and infusion rates for induction remain to be established. (Br. J. Anaesth. 1998; 80: 509-511) Keywords: anaesthetics i.v., propofol; analgesics opioid, remifentanil; ventilation, spontaneous An anaesthetic regimen for spontaneous ventilation requires a technique that does not cause prolonged respiratory depression. Opioids such as fentanyl and alfentanil are often included as part of a balanced anaesthetic as they reduce the amount of concomitant agent required for the procedure 1 but have the disadvantage of clinical effects extending into the postoperative period. Short-acting drugs allow better titration of anaesthesia and may therefore reduce the incidence of respiratory depression and permit rapid recovery, which is especially desirable for day-case surgery. 2 Remifentanil is a rapidly acting ester opioid, which is metabolized by non-specific esterases. This results in a much higher clearance and shorter elimination half-life (:10 min) than other opioids, and allows administration by infusion without accumulation. 3 Remifentanil has been administered to volunteers breathing spontaneously and to patients undergoing controlled ventilation. 4 However, dose responses during total i.v. anaesthesia (TIVA) with propofol and spontaneous ventilation are not known.
Methods and results
This was an open, randomized, two-centre study. After obtaining approval from the local Ethics Committee and written informed consent, we studied 64 ASA I or II patients, aged 18-65 yr, undergoing elective surgery lasting more than 30 min and involving skin incision. Exclusion criteria were patients receiving opioids, clonidine or benzodiazepines, those sensitive to any of the proposed anaesthetic drugs and pregnancy.
Patients were allocated randomly to receive one of four remifentanil regimens consisting of a loading dose administered over 1 min and a maintenance infusion commencing simultaneously with the loading dose. After arrival in the anaesthetic room, separate cannulae were inserted for administration of remifentanil and propofol, and standard anaesthetic monitoring commenced with values recorded every 5 min increasing to every minute in the presence of respiratory depression. After 3 min of preoxygenation, the remifentanil loading dose and infusion were commenced at 0. . Three minutes after administration of the remifentanil loading dose, anaesthesia was induced by infusion of propofol 50 mg min 91 until loss of consciousness. A laryngeal mask airway was placed and ventilation with a minimum of 33% oxygen in air commenced. Anaesthesia was maintained using an infusion of propofol 6 mg kg 91 h
91
, with the remifentanil infusion rates as described above until skin incision, when patients were observed for somatic response or respiratory depression. Somatic response was defined as somatic movement, an increase in systolic arterial pressure by 15 mm Hg above baseline or heart rate 990 beat min
. Respiratory depression was defined as a mean end-tidal carbon dioxide partial pressure greater than 7.2 kPa or ventilatory frequency less than 8 bpm, or both. 
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Manual ventilation was provided to maintain oxygen saturation 994% until resolution of respiratory depression. After incision, the infusion rates of the two drugs were titrated according to response. In the presence of respiratory depression, remifentanil was reduced in pre-defined steps of 0.025 g kg 91 min 91 or by 50% if the infusion rate was already 0.025 g kg 91 min 91 or less. The propofol infusion rate was titrated upwards with 20-mg increments and steps of 1 mg kg 91 h 91 if somatic movement occurred in response to surgical incision. Both remifentanil and propofol infusions were continued until after the last suture was inserted, at which time postoperative analgesia, consisting of local anaesthesia or nonsteroidal anti-inflammatory agents, or both, was administered, as indicated clinically.
Patient characteristics and surgery (primarily hernia repair and varicose vein surgery) were similar in all groups although there were more males in groups 1 and 2 (table 1). At skin incision somatic responses occurred in 88% of patients at an infusion rate of remifentanil of 0.025 g kg 91 min 91 compared with 30-40% in the other groups. The majority of patients required additional propofol to maintain anaesthesia and the final mean propofol infusion rate was 7.2-8.4 mg kg 91 h
91
. Respiratory depression after incision increased with higher doses of remifentanil and occurred in 73% of patients receiving remifentanil infusions of 0.1 g kg 91 min
. By the end of surgery, 76-100% of all patients had adequate respiration after reductions in remifentanil infusion rates to 0.026-0.053 g kg 91 min 91 (table 1) . Postoperative questioning revealed no evidence of intraoperative awareness in any patient. The overall incidence of postoperative nausea and vomiting was 7% and 1%, respectively, which was not dose dependent.
Comment
There was a high incidence of respiratory depression immediately after surgical incision which was compounded by administration of a loading dose of remifentanil and was least at the lowest dose of 0.125 g kg
91
. Remifentanil was given in this manner in order to achieve steady state plasma drug concentrations more rapidly. However, mean maintenance infusions of remifentanil of 0.026-0.053 g kg 91 min
91 permitted adequate respiration in 88% of patients at the end of operation and only one patient was still apnoeic at the end of surgery.
The high incidence of somatic responses seen at incision (29-88%) were caused, at least in part, by the low initial infusion rate of propofol (6 mg kg 91 h 91 ) which was selected to identify the remifentanil dose response. The same pattern of response was seen by Hogue and colleagues 4 in patients undergoing ventilation; they used a propofol infusion rate of 4.5 mg kg 91 h 91 with higher remifentanil infusion rates of 0.5 and 1.0 g kg 91 min
, which were reduced by 50% after tracheal intubation. They found that 19% and 23% of patients required propofol rescue medication for light anaesthesia, confirming that adequate hypnosis is required in addition to potent doses of opioids to ensure that somatic responses are prevented during anaesthesia. The final propofol infusion rates of 7.2-8. 4 . Further studies are necessary to identify the appropriate combination of loading dose and initial infusion rates of the two drugs and to elucidate the efficacy of such a combination for clinical anaesthesia. 
